Two pinkish-red, Gram-stain-negative, non-motile aerobic bacterial strains (MCC P1
P2), capable of growing at low temperatures (15 6C), were isolated from water of a saline lake located in the western Himalayas of India. The strains were capable of growth in the presence of 0-2.0 % NaCl and at pH 6.5-9.0. Phylogenetic analysis based on 16S rRNA gene sequences revealed the closest similarity of 96.3 % to the type strain of the only species of the genus Rufibacter, Rufibacter tibetensis CCTCC AB 208084
T . Strains MCC P1 T and MCC P2 shared 99.0 % 16S rRNA gene sequence similarity and 88.6 % DNA-DNA relatedness. The major cellular fatty acids were iso-C 15 : 0 , C 17 : 1 v6c, summed feature 3 (C 16 : 1 v6c/C 16 : 1 v7c) and summed feature 4 (anteiso-C 17 : 1 B/iso-C 17 : 1 I). Predominant polar lipids were phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol. The respiratory quinone was MK-7. The DNA G+C content of the strains was 52.6-52.8 mol%. Based on morphological, physiological, chemotaxonomical and molecular characteristics, strains MCC P1 T and MCC P2 represent a novel species of the genus Rufibacter, for which the name Rufibacter immobilis sp. nov. is proposed. The type strain is MCC P1 T (5MCC 2268 T 5CCTCC AB 2013351 T ).
Isolates MCC P1 T and MCC P2 were obtained during microbial diversity studies of one of the least explored high-altitude (4350 m) habitats, Pangong Lake, which extends from the Indian Himalayas to Tibet in China. The isolated strains were pinkish-red and belong to the genus Rufibacter (Abaydulla et al., 2012) based on 16S rRNA gene sequence analysis. The genus Rufibacter was distinguished from other genera of the family Cytophagaceae based on molecular, phylogenetic and phenotypic characters. At the time of writing, Rufibacter tibetensis CCTCC AB 208084
T is the only species of the genus Rufibacter with a validly published name. The novelty of the two isolated strains of the genus Rufibacter was confirmed in a taxonomic study using a polyphasic approach.
Since the bacterial count appeared low in the collected samples, a 200 ml water sample was directly spread on agar plates of different nutrient media and grown under varied culture conditions (15-30 u C, pH 7-9, salinity 1-3 %) to correlate the parameters of the sampling habitat. Wellisolated colonies MCC P1
T and MCC P2 from Luria agar (M575; HiMedia) were further transferred onto agar stabs.
Cultures were preserved as glycerol stocks and freeze-dried cell mass. Cell morphology was observed by phase-contrast microscopy (BX53; Olympus) and transmission electron microscopy (model TECNAI G2 20; FEI). Gram staining was performed by using a Gram staining kit (K001; HiMedia). Motility was tested by the hanging drop method and observed under a phase-contrast microscope (Suzuki et al., 2001) , and confirmation was achieved using the molten agar test (Cruickshank, 1965) . Since strains were pigmented, whole-cell absorption spectra were recorded using a Cary 300 UV-Vis spectrophotometer (Agilent Technologies). Anaerobic growth was tested on Luria agar slants by replacing the air with the inert gas, argon; slants were incubated at 30 uC for 15 days to check culture growth.
DNA extraction from pure isolates was performed by the method described by Yeates et al. (1997) with the following modifications: the cell pellet from 2 ml each isolate culture was suspended in extraction buffer (100 mM Tris/HCl, pH 8.0; 100 mM Na 2 EDTA, pH 8.0), Proteinase K (Invitrogen) was added at a final concentration of 100 mg ml
21
, and the mixture was incubated at 55 uC for 2 h with continuous shaking. DNA was extracted by phenol/chloroform/isoamyl alcohol (25:24:1). Extracted DNA was washed twice with 70 % ethanol and dissolved in Tris-EDTA buffer (pH 8.0), then was analysed by electrophoresis on a 0.8 % agarose gel and visualized by ethidium bromide staining using a UV The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains MCC P1
T and MCC P2 are HG316123 and HG316124, respectively. trans-illuminator. The16S rRNA gene of all strains was amplified as described by Sambrook et al. (1989) with eubacterial specific primers 27F (59-AGAGTTTGATCM-TGGCTCAG-39) and 1488R (59-CGGTTACCTTGTTACG-ACTTCACC-39). PCR products were purified by PCR Cleanup kit (Qiagen). Purified amplicons were sequenced on both strands on an ABI 3730 xl DNA analyser using the Big Dye terminator kit (Applied Biosystems). The sequences were assembled using DNA star Pro and analysed for their closest relatives based on pairwise sequence similarity by using the EZTaxon server (Kim et al., 2012) . Phylogenetic analysis was done using the neighbour-joining method with kimura-2-parameter as a model of nucleotide substitution and 1000 bootstrap replications in the MEGA5 software package (Tamura et al., 2011) . Phylogenetic trees were also reconstructed using maximum-parsimony and maximum-likelihood methods, and revealed a similar pattern of clustering (data not shown).
For DNA-DNA hybridization experiments between MCC P1 T and MCC P2, genomic DNA was extracted and purified according to the method of Marmur (1961) with additional RNase treatment. The analysis was done by fluorimetry in a 96-well plate using a Step One Plus RealTime PCR system (Applied Biosystems) fitted with 96-well thermal cycling block as described and evaluated by Loveland-Curtze et al. (2011) . DNA suspended in 26 SSC was used for the analysis and resulted values were calculated from the mean of triplicates. The reassociation of DNA was carried out at optimum renaturation temperature of 73.0 u C [Tor50.516(% G+C)+47.0] (Gillis et al., 1970) and DNA-DNA binding values were calculated in terms of relative binding ratio analysis using the formula given by De . In order to analyse DNA G+C content of the strains, genomic DNA was extracted and purified according to the method of Marmur (1961) with additional RNase treatment. DNA was suspended in 0.16 SSC for the analysis. Thermal denaturation was performed with 5 mg DNA per well along with SYBR Green I fluorescent dye at a final dilution of 1 : 100000. Thermal conditions comprised a ramp from 25 u C to 100 u C at 1 u C min 21 . Fluorescence reading was considered at each step during the ramp. T m -based G+C analysis was performed using the equation proposed by Gonzalez & Saiz-Jimenez (2002) . The analysis was done in triplicate, and the whole experiment was carried out by using the Step One Plus Real-Time PCR system (Applied Biosystems) fitted with a 96-well thermal cycling block.
Cellular fatty acid analysis was performed with cells grown in trypticase soya agar medium (pH 7) incubated at 28±2 u C for 18 h. Cellular fatty acids were extracted as their methyl esters and analysed by GC (7890 A; Agilent Technologies) according to the rapid Microbial Identification System software (MIS, version 6.0; MIDI Inc.), and peaks were identified based on the RTSBA6 database (Sasser, 1990) .
For chemotaxonomic analyses, cultures were harvested at exponential phase and the pellet was freeze-dried and polar lipids were extracted with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) as described by Kates (1972) . Lipids were separated on silica gel TLC plates (Kieselgel 60 F254; Merck) by two-dimensional TLC using chloroform/methanol/water (75 : 32 : 4, by vol.) in the first dimension and chloroform/methanol/acetic acid/water (86 : 16 : 15 : 4, by vol.) in the second dimension (modified after Tindall, 1990a, b; Oren et al., 1996) . The dried plates were sprayed with 5 % ethanolic molybdophosphoric acid for total lipids and further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates), Dragendorff's reagent (quaternary nitrogen) or a-naphthol (specific for sugars) (Kates, 1972; Oren et al., 1996) . Quinones were extracted from lyophilized cell pellets with chloroform/methanol (2 : 1, v/v) and purified by TLC with developing solvents of petroleum ether/ diethyl ether (85 : 15, v/v). Menaquinones were detected on TLC by irradiation with UV light (254 nm) as described by Collins et al. (1977) . Extracted menaquinones were dissolved in acetone and eluted with methanol/isopropyl ether (3 : 1, v/v) at a flow rate of 1 ml min 21 by reverse phase HPLC (Tamaoka et al., 1983) .
Rufibacter tibetensis CCTCC AB 208084
T was used for comparative characterization. API 50 CH kits (bioMérieux) were used to analyse carbohydrate metabolism tests according to the manufacturer's instructions. Physiological tests, such as growth at various temperatures (0-45 u C with 5 u C interval), pH (pH 5-10 with interval of 1 pH unit) and NaCl concentrations (0-5 % with 1 % interval) were performed on solid agar media.
Catalase and oxidase activities and endospore production were determined as described by Smibert & Krieg (1994) . Tests for hydrolysis of starch and casein were performed with starch agar and casein agar, respectively. The ability to reduce nitrate under aerobic conditions was assessed in nitrate broth. King's media A and B were used to determine the production of pigments (King et al., 1954) . The methanolic extracts of strains MCC P1
T and MCC P2 exhibited l max at 477 nm indicating the presence of carotenoid of spirilloxanthin series (Britton et al., 2004) . Additional enzymic activities were assayed by using API 20NE strips (bioMérieux). Antibiotic susceptibilities were determined by using antibiotic discs of specified concentration on solid Luria agar at pH 7 and 30 u C for 2 days (Dimitriu et al., 2005) . Antibiotics tested were neomycin (30 mg), streptomycin (10 mg), acheomycin (30 mg), vancomycin (30 mg), erythromycin (15 mg), rifampicin (2 mg), ampicillin (25 mg) and chloramphenicol (30 mg).
Colonies of the two novel strains appeared pinkish-red, circular, convex and shiny with a diameter of 3-4 mm. Strains MCC P1
T and MCC P2 were Gram-stain-negative, aerobic short rods with cell size of 1.0-1.460.5-0.7 mm. Both strains were found to be non-motile by hanging drop method, which was confirmed by non-swarming growth in molten agar. Flagella were not observed in microscopic studies (Fig.  S1 , available in the online Supplementary Material).
Anaerobic growth was absent. The novel strains were catalase-positive and oxidase-negative. Casein and starch were hydrolysed, while carboxymethyl-cellulose, gelatin, cellulose and chitin were not hydrolysed. Both strains were negative for indole and H 2 S production, nitrate reduction and urease activity. Growth was detected at temperatures of 15-45 u C with optimum growth at 30 u C. The optimum pH for growth was pH 7.0, with a range of pH 6.5-9.0. Both strains showed optimum growth in the absence of salt. However, they also tolerated NaCl concentration up to 2 % (w/v). 
Phylogenetic analysis of strains MCC P1
T and MCC P2 exhibited distant relatedness with the type strain of Rufibacter tibetensis, the only member of the genus Rufibacter (Fig. 1) . Separate phylogenetic grouping of these strains and less than 97 % 16S rRNA gene sequence similarity with type strains of other species [recommended threshold for species delineation by Wayne et al. (1987) ] necessitated the study of polyphasic characterization, which further led to the description of strain MCC P1
T as a novel species of the genus Rufibacter. Though strains MCC P1
T and MCC P2 share close resemblance in terms of phylogenetic, physiological and chemotaxonomic characters, their genomic relatedness was confirmed by DNA-DNA hybridization to justify the definition given by Wayne et al. (1987) for demarcation of species and strains. The DNA-DNA relatedness value between strains MCC P1 T and MCC P2 was 88.6 % and confirmed that both strains belong to the same taxa. The DNA G+C content of strains MCC P1 T and MCC P2 was 52.6-52.8 mol%, which was slightly higher than that of Rufibacter tibetensis (47.2 mol%).
The predominant fatty acids (.11 %) of strains MCC P1 T and MCC P2 were iso-C 15 : 0 , summed feature 4 (anteiso-C 17 : 1 B/iso-C 17 : 1 I) and summed feature 3 (C 16 : 1 v6c/ C 16 : 1 v7c) ( Table 2) 6.5-9 (7) 7 (6-8) NaCl range (%, w/v) 0-2 0-1.5 Carbon source utilization
52.6 52.8 47.2 iso-C 17 : 0 and C 17 : 1 v8c were present in minor quantities in strains MCC P1 T and MCC P2, but were not found in Rufibacter tibetensis CCTCC AB 208084 T . Phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol were present as the major phospholipids in strain MCC P1 T (Fig. S2) . However, Rufibacter tibetensis CCTCC AB 208084 T only showed phosphatidylethanolamine as a major phospholipid. Strain MCC P1
T also had phospholipid, aminolipid, and three unknown lipids in minor quantities. The respiratory quinone of both novel strains was found to be MK-7. Thus, the above chemotaxonomical variation in the strains MCC P1
T and MCC P2 to Rufibacter tibetensis CCTCC AB 208084 T supported the delineation of the novel taxa at the species level. The morphological, physiological, chemotaxonomic, phylogenetic and molecular differences between strains MCC P1 T and MCC P2 and Rufibacter tibetensis CCTCC AB 208084
T demanded the description of the novel isolates as a novel species of the genus Rufibacter, for which the name Rufibacter immobilis sp. nov. is proposed.
Description of Rufibacter immobilis sp. nov.
Rufibacter immobilis (im.mo9bi.lis. L. masc. adj. immobilis non-motile, pertaining to the non-motility of the type strain).
Gram-stain-negative, non-motile, non-spore-forming short rods of 1.0-1.4 mm60.5-0.7 mm (length6width). Growth occurs from 15-45 u C with pH range from 6.5-9.0. Grows optimally without salt and NaCl tolerance is up to 2 % (w/ v). Grows well on Luria agar (HiMedia) at 30 uC and pH 7. Colonies are pinkish-red glistering with 3-4 mm diameter. Catalase-positive and oxidase-negative. Anaerobic growth is absent. Major cellular fatty acids are iso-C 15 : 0 , C 17 : 1 v6c, summed feature 3 (C 16 : 1 v6c/C 16 : 1 v7c) and summed feature 4 (anteiso-C 17 : 1 B/iso-C 17 : 1 I). Predominant polar lipids are phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol; other minor lipids include aminolipid, phospholipid and three unidentified lipids. The respiratory quinone is MK-7. Positive result in tests for aesculin and b-galactosidase activity, but negative result in tests for gelatin hydrolysis, nitrate reduction, urease, arginine dihydrolase, indole production and glucose fermentation. Asculin ferric citrate is positive and Nacetylglucosamine, trehalose and D-xylose are weak positive. D-Glucose, L-arabinose, maltose, capric acid, adipic acid, malic acid, potassium gluconate, trisodium citrate and phenylacetic acid could not be utilized. Cells are resistant to ampicillin, streptomycin and polymixin, and sensitive to tetracycline, neomycin, erythromycin, rifampicin, chloramphenicol and penicillin. Enzyme activities of esterase, Rufibacter immobilis sp. nov.
alkaline phosphatase, a-galactosidase, a-glucosidase, leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl b-glucosaminidase are positive; urease, lipase, chitin, a-chymotrypsin and bgalactosidase are negative.
The type strain is MCC P1 T (5MCC 2268 T 5CCTCC AB 2013351 T ) isolated from Pangong Lake, a high-altitude saline lake of India. The DNA G+C content of the type strain is 52.6 mol% (T m ). An additional strain of the species is MCC P2 with a DNA G+C content of 52.8 mol%.
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